In This Issue  by unknown
Leading Edge
In This IssueIn thinking about complexity, it’s frequently invoked that the whole is greater than the sum of its parts. This notion
serves as one of the motivating principles of systems biology, which seeks to understand the emergent properties
of complex biological systems. Among many biologists, systems biology is also synonymous with the use of
particular approaches, including high-throughput techniques, large-scale integration of datasets, and computa-
tional modeling to probe system behaviors. There is indeed little doubt that the recent growth of the field has
been fueled by the massive expansion in the amount of data being generated in the biological sciences—first
from genome sequencing and more recently from such sources as transcriptomics, proteomics, and high-
throughput imaging. Given this rising tide of data, there is an urgent need for new ways of analyzing large datasets
and for conceptualizing biological complexity. It is in this context that we present our 2011 Special Review Issue on
systems biology.
The overarching goal of this collection is to highlight biological insights revealed by the quantitative and computa-
tional approaches associated with systems biology. To accomplish this, the issue includes topics that span vastly
different size and time scales, from protein-protein interactions to disease models, from transcriptional dynamics
to evolutionary processes. For the issue’s diversity, depth, and thought-provoking insights, we would like to thank
the many distinguished authors and reviewers who generously contributed their time and effort. In reading the
issue, we hope that you will find that the collection, like biological systems, is more than the sum of its individual
parts, providing a new perspective on this rapidly changing field.A Field in Flux
Although branded as a distinct branch of inquiry only relatively recently,
systems biology is already leaving itsmark on the larger research landscape.
In his Analysis, Colin Macilwain (page 839) gives an assessment of systems
biology’s growth worldwide and reports on views from both inside and
outside the field on the assimilation of systems approaches into the broader
life sciences community. Indeed, techniques such as genome-wide screens
and mathematical modeling are now commonplace across many disci-
plines. The merging of systems approaches and classic cell biology is dis-
cussed in an Essay by Paul Nurse and Jacqueline Hayles (page 850) that
forecasts the impact of systems biology on our understanding of the cell’s
inner workings. For a perspective on the history of the field and its recent
advances, see the Essay by Adam Arkin and David Schaffer (page 844),
which presents key insights into what has been learned about biological
structure and its dynamic organization.Finding Strength in Numbers (and Equations)
As much as any discipline in modern biology, systems biology relies on
computation and mathematics to collect data, build models, and make
predictions. In their Minireview, Trey Ideker, Janusz Dutkowski, and Leroy
Hood (page 860) introduce strategies for leveraging accumulated knowl-
edge about biological systems to boost signal-to-noise in analyzing large-
scale datasets. To illustrate the power of these tools and concepts, they
cite key studies that range from genome-wide association studies of disease
to kinase-phosphatase signaling networks. In a similar vein, Dana Pe’er and
Nir Hacohen (Perspective, page 864), using cancer as an example, outline
strategies and principles for identifying gene networks relevant to disease
phenotypes and discuss the prospects of network modeling for personal-
izing cancer treatment.
Taking their turn at the chalkboard, James Ferrell, Tony Tsai, and Qiong
Yang (Primer, page 874) guide us step-by-step through equations thatmodel
the cell cycle to explain why certain circuits oscillate. Their demonstration
highlights the power of integrating knowledge gleaned from biochemistry
and molecular biology with mathematical modeling. Some problems,
however, require greater computing power. On this topic, Olga Troyanskaya (BookReview, page 842) comments on a recently
published advanced computing how-to guide aimed at biologists. She discusses the book’s strengths andweaknesses, while
encouraging bench researchers to embrace complex computation and quantitative experiments.Cell 144, March 18, 2011 ª2011 Elsevier Inc. 827
There’s a Time and Place for Everything
In systems papers, network diagrams are often very complex. Yet, even the
most complicated ‘‘hairball’’ diagram is a vast simplification of what is occur-
ring in vivo, taking into account the intricate spatial landscape of the cell and
the careful ordering of events. Two Reviews in this issue provide systems-
level perspectives on time and space. The spatial domain is tackled
in a Review by Herna´n Grecco, Malte Schmick, and Philippe Bastiaens
(page 897) that explores how the properties and dynamics of the plasma
membrane contribute to context-dependent signaling. The temporal aspects
of network behavior are examined in a Review by Nir Yosef and Aviv Regev
(page 886). They focus on the molecular mechanisms that govern the timing
of gene expression, discussing the functional integration of protein factors,
cis-regulatory sequences in promoters, and chromatin architecture.
Building on this theme of timing, this issue’s Select, written by scientific
editors Lara Szewczak of Cell and Brian Plosky of Molecular Cell
(page 831), highlights recent papers on the dynamics of RNA and protein
abundance and how their levels and resulting cellular outputs are controlled
by both intrinsic factors and external conditions.Decisions, Decisions, Decisions
Biological systems are intrinsically noisy. How stochasticity contributes to
cellular decision making in diverse settings from microbes to mammals is
the topic of the Review by Ga´bor Bala´zsi, Alexander van Oudenaarden,
and James Collins (page 910). The complex regulation of a specific kind of
cell fate, apoptosis, is further explored by Sabrina Spencer and Peter Sorger
(page 926). This Review recounts efforts to quantify components of death
pathways and the building of models that explain key features of apoptosis,
including its cell-to-cell variability.
Development relies on a carefully orchestrated series of decisions by indi-
vidual cells, and the most elemental of these cells are pluripotent embryonic
stem cells. From the standpoint of regulatory circuits, what is pluripotency?
Richard Young (Review, page 940) addresses this question by discussing
what is known about the circuits that maintain stem cells in a pluripotent
state and how these circuits are disrupted during differentiation. Transition-
ing from individual cells to tissues, organs, and whole organisms, Arthur
Lander (Review, page 955) explains how systems biology is uncovering
the design principles that ensure robustness, precision, and scaling in devel-
opment, citing examples from studies of vertebrates and invertebrates. The evolutionary implications of changes in gene
regulatory networks for body plan development are explored by Isabelle Peter and Eric Davidson (Review, page 970), who
argue that alterations at cis-regulatory nodes are especially potent instigators of evolutionary innovation.Stay Tuned
Where does systems biology go from here? We asked Rudolf Aebersold, Peer Bork, Marc Kirschner, Tobias Meyer, and
Marian Walhout to comment on the big challenges facing the field. Their diverse viewpoints are presented side-by-side in
a new Cell format called Voices (page 837).
One expectation for systems biology is that it will lead to a better understanding of complex disease states and to the
identification of new therapeutic targets. This theme, touched upon in many pieces in this issue, lies at the core of the Review
by Marc Vidal, Michael Cusick, and Albert-La´szlo´ Baraba´si (page 986) in which they discuss the many different types of in-
teractome networks and how efforts to integrate them may inform our understanding of human disease. To help ease the
uninitiated into the study of protein interaction networks, Jan Seebacher and Anne-Claude Gavin (SnapShot, page 1000)
have created a helpful one-page guide, which includes information on how networks are constructed, depictions of common
types of network topologies, and examples of frequently used network measures.
Looking further into the future, Christina Smolke and Pamela Silver (Essay, page 855) argue that synergies between the
fields of systems and synthetic biology may accelerate our understanding of the design principles of life and simultaneously
enhance our ability to engineer synthetic pathways and organisms for human benefit.
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